Abstract. The Large Hadron Collider (LHC) is presently undergoing beam commissioning in preparation for physics running in 2010 at a center of mass energy of 7 TeV. I will briefly describe the hadron physics capabilities of the ATLAS, CMS, and LHCb detectors, their performance with cosmic ray and early collision data, as well as their plans for physics with the first data.
INTRODUCTION
The LHC will provide proton-proton collisions at the highest laboratory energies ever achieved. As of the writing of these proceedings, collisions have already been recorded at a record center of mass energy: 2.1 TeV. The detectors, ATLAS, CMS, LHCb and ALICE 1 , stand ready to make use of the first collision data to further enhance their readiness for large statistics data sets. In the next year, the dataset is expected to be on the order of 100 pb −1 , with beam operations at a center of mass energy of 7 TeV. It is foreseen that with better operational knowledge of the accelerator, the design energy of 14 TeV will be achieved at a later date.
In a certain sense, since hadrons (protons) are being collided, any physics studies performed, are at their heart hadron physics. Specifically when one refers to hadron physics at the LHC however, one is referring to the study of the production and decay of hadrons containing heavy quarks (b-quarks, and to a more limited extent c-quarks). A wealth of physics may be investigated, such as heavy quark effective theory, new phenomena (and rare decays) and quantum chromodynamics (QCD). The challenge for the experiments will be to isolate those heavy hadron events from high rate background processes.
During a lengthy interim, necessitated by the unfortunate incident of 2008 2 , the LHC experiments have taken advantage of the delay to collect large statistics samples of cosmic ray muons. Cosmic ray muon events are particularly useful, since all three experiments expect to depend to some extent on muon identification and tracking to identify bhadrons produced in collisions. In particular, at the start of physics operation, all three experiments will rely on decays involving J/ψ → µ µ to collect their data samples.
DETECTORS
Many multipurpose high energy experiments follow the same general model: magnetic tracking concentrated at central rapidities, surrounded by calorimetry (typically not granular enough for hadron identification), surrounded by detectors designed to identify the escape of muons. ATLAS and CMS tend to follow this basic model (with some notable differences), while LHCb (which is dedicated to studying the physics of b-quarks) has a very different design.
The ATLAS and CMS detectors are described in detail elsewhere ( [2] , [3] ). Superficially, there are certain similarities between the two experiments. Both incorporate large inner silicon detectors, with pixel detectors at the smallest distance from the beam line (for displaced vertex identification). Both have silicon strip detectors surrounding the pixels for high precision position measurements. Both also have approximately the same tracking radius, of approximately 1 m. The ATLAS outer tracking, however, is provided by a transition radiation tracker (TRT) which provides many lower precision measurements, while CMS has an entirely silicon strip based detector, which provides fewer, high precision measurements 3 . For the purposes of hadron identification, both detectors are somewhat limited by their other design constraints: ATLAS has a 2 T solenoid, while CMS has a 4 T solenoid, which along with the tracking radius determines the momentum at which tracks will simply spiral and not interact with the rest of the detector elements. This sets a very hard floor on the momentum at which muons can be reconstructed (much less triggered on). Aside from the electron identification provided by the ATLAS TRT, and the information about energy loss in the silicon strip detectors, neither detector has dedicated particle identification that would aid in the reconstruction of decay products from heavy hadrons. This is largely due to the fact that ATLAS and CMS are designed for high instantaneous luminosity running, with many physics goals unrelated to hadron spectroscopy.
Except for other special circumstances 4 , the calorimetry of both detectors is not foreseen to be used in hadron identification. The muon systems, however, provide separate momentum measurements from the central tracking, for each detector (ATLAS via a separate air gap toroid system, CMS via an iron return yoke for its high central magnetic field). Both ATLAS and CMS depend upon the identification of muons, typical dimuons (from J/ψ) for triggering on heavy hadron decays.
The LHCb detector
The LHCb detector is very different from her sister detectors on the LHC ring. By design (described in detail in [4] ), instead of a cylindrical geometry, LHCb is a single arm spectrometer, concentrated at what is high rapidity for ATLAS and CMS 5 . There exists some overlap with the other two detectors, which enhances the complementarity of LHCb as a dedicated hadron physics experiment. Occupying the forward region, with different detector subsystems (mentioned below), should provide LHCb with greater sensitivity to the b-quarks produced in the collisions (see Figure 1 ).
LHCb has a unique movable silicon Vertex Locator (VELO) detector, which can vary its distance to the collision region (as close as 7 mm). Two ring imaging cherenkov detectors (RICH) provide particle identification with different radiator materials to maintain K-π separation over a wide range in momentum. LHCb also contains a very finely segmented electromagnetic calorimeter designed to resolve the photons from π 0 and η decays, followed by a muon system. LHCb is designed to be able to trigger on hadron decays without requiring muon information, giving it access to many different processes compared to ATLAS and CMS. It is worth noting that LHCb is designed for low instantaneous luminosity running (to ensure smaller occupancies so that particle identification can function optimally), meaning that the beams will ultimately require de-focusing to keep the mean number of interactions low (in stark contrast with the multi-purpose detectors).
COSMIC RAY STUDIES
For the purpose of identifying decays of b-hadrons, cosmic ray muons are a vital source for calibration. Muons from cosmic ray showers can leave tracks in multiple detector components (depending on the particle incident angle). This yields the opportunity to probe the efficiency and relative alignment of the different detector systems without colliding beams. 
ATLAS and CMS
Cosmic ray muons are important calibration sources for the ATLAS and CMS detectors, because the efficiency with which b-hadron decays are detected and recorded will depend directly on the efficiency with which muons are reconstructed. For calibration purposes, the most useful of these events will traverse the entire detector, meaning that multiple different subdetectors (central tracking detectors, muon systems) both entering and leaving the detector, which allows for study of the trigger as well as the tracking devices. Effectively then, the cosmic ray muon flux becomes, in a sense, a test beam of particles: one verifies the presence of the muon in one hemisphere of the detector, determines its kinematics, and uses that information to test the efficiency of the opposite hemisphere.
Tracking Performance and Alignment
Efficient and precise tracking, for the reconstruction of hadrons, begins with having efficient and well aligned tracking detectors. For this purpose, the multitude of cosmic ray events collected by ATLAS and CMS were ideal for improving the alignment of their tracking detectors. For silicon trackers, each strip constitutes an individual detector element which must be aligned with respect to the rest of the detector. For CMS and ATLAS, this then means that thousands of discrete detector elements must be aligned relative to each other, and to reach the design resolution, aligned to tens of µm precision. Both detectors are well on their way towards achieving this goal: both have been aligned using cosmic ray muons to far better than their initial surveys allowed, and now approach the (ideal) alignment from simulation. For example, Figures 2 and 3 , display residual plots from the ATLAS and CMS pixel detectors in cosmic ray muon events (comparing newly aligned detectors with nominal survey alignments). The strip detectors are observed to have greater than 99% percent per hit efficiency.
Muon Performance
As previously stated, efficient identification of muons is essential for the hadron physics programs of ATLAS and CMS. Again, cosmic ray muons provide an important test of what the performance of the detectors will be like with colliding beam. Both detectors achieve impressive efficiencies for muon reconstruction in the most central parts of the experiments (for |η| > 1 the flux of cosmic ray muons is not sufficient to make a measurement of comparable precision. See Figures 4 and 5.) . 
LHCb

Cosmic Rays and LHCb RICH
The LHCb detector, by design, is not oriented optimally to take advantage of cosmic ray muon events. To capture the few cosmic ray events which would enter the RICH detectors, additional scintillation counters were added to ensure these events were triggered (one such event is shown in Figure 6 ). These events demonstrate not only the efficiency of the RICH detectors, but also the low noise nature of the detectors. 
TED Runs and Tracking
Transition-line end dump (TED) particles were available to LHCb (from LHC injection tests), for the purpose of commissioning the small area detectors of the experiment. In these TED runs, particles from the SPS transfer line would traverse LHCb (in the wrong direction) illuminating these detectors which would not receive sufficient statistics of cosmic ray muons for studies. The VELO detectors were operated during this process and a relative efficiency was calculated for each layer of the silicon detector, the results of which are shown in Figure 7 . The 'relative' nature of this efficiency stems from fitting the particle trajectory using all layers of silicon besides the one under study, and then using the extrapolated position of the track to search for the hit in the layer of interest (ATLAS and CMS perform similar procedures on their tracking detectors using cosmic ray muons). 
EARLY COLLISION DATA
LHC operations in 2009 were mainly for studying beam optics and machine parameters. As such, though beams of protons were circulated (and counter-circulated), there was no focusing of the beam in the interaction regions of the experiments (meaning that collisions were at very low instantaneous luminosity). As such, only a small amount of integrated luminosity was collected. However, even with this small data sample, the first hadron mass resonances began to be observed. As an example, the π 0 mass peaks were quickly made available from the electromagnetic calorimeters from CMS ( Figure 8 ) and LHCb (Figure 9) 6 .
FIGURE 8. The π 0 mass peak from the CMS electromagnetic calorimeter from early collision data. No corrections to the measured energy have been made, and the position is in agreement with the expectation from simulation.
FIGURE 9. The π 0 mass peak from the LHCb electromagnetic calorimeter from early collision data.
EARLY HADRON PHYSICS PLANS
For ATLAS and CMS, the identification of J/ψ → µ µ will be a necessary condition for triggering on b-hadron events.
The plan is to trigger on an inclusive sample of dimuon events, with no additional selection requirements (except for muon p T thresholds), and subsequently make more requirements offline(see Figure 10 for an expected composition of the dimuon data). LHCb plans to start with a similar strategy, but as further particle identification information becomes available, this basic strategy will be expanded upon to fully exploit the capabilities of the detector. For the early physics program, each experiment plans to make use of B + → J/ψK + , with subsequent decay of J/ψ → µ µ, as a well understood source of heavy hadrons to study mass and lifetime resolutions. The differential cross sections for B + production at LHC energies will also be interesting in and of themselves. With the B + as a calibration sample in hand, first hand knowledge from the data may be used to study B S (and B 0 , B C , Λ C , etc.).
